Use of the air chamber as a simplified model of the cardiovascular system was studied for many years (1, 2) . Subsequently, interest in this model declined, since it failed to yield strikingly useful results. Unfortunately, other methods for describing the behavior of the cardiovascular system in terms of such easily measurable quantities as arterial pressure and pulse rate also were unsuccessful (3, 4) . The recent development by one of the authors of a more exact mathematical approach to the air chamber spotlighted the strengths and weaknesses of this model anew (5) . Its chief strengths were its great simplicity and the fact that its theoretical behavior agreed with a considerable body of cardiovascular physiology such as the general shape of the arterial pressure curve (5) . Its weakness, from the practical viewpoint, was that its application required the use of parameters which could not be determined by direct measurement in the body. The present study of the air chamber model had two objectives. In the first place, an attempt was made to evaluate the closeness of mathematically predicted results to measured data. Then, since the mathematical approach appeared to have validity, the practical usefulness of the model itself was evaluated.
EXPERIMENTAL
The source of experimental data was the human cardiac catheterizations performed at the Louisville General Hospital during the past three years. Only patients with cardiovascular abnormalities requiring further investigation were subjected to cardiac catheterization. Not used in the present study were records incomplete either because of technical difficulties or for other reasons, such as the fact that the cardiac output was not determined in patients below the age of 13 years. In addition, a few catheterizations were omitted because of auricular fibrillation. All other 59 records of the three year period were included, regardless of postcatheterization diagnosis. Previously described techniques of cardiac catheterization were used (6) . Data adequate for this study included the output from the left ventricle into the aorta, the average arterial pressure and the arterial pressure tracing.
The quantities necessary for a mathematical description of the chamber model were as follows: t = time P(t) = pressure in the aorta near the aortic valve. In the present study, this was approximated by the brachial artery pressure (7) V(t) = volume equivalent to the aorta F(t) = effective rate of peripheral blood flow PD = end-diastolic pressure Ps = maximum systolic pressure PP = P -PD = pulse pressure K = AP/AV = elasticity of the aorta R = P(t)/F(t) = effective peripheral resistance i = seconds between the onset of systole and the occur- value of Pi might be considerably greater than for the resting catheterization subjects.
With this demonstration of the validity of the mathematical model, it appeared reasonable to pursue the practical implications further. Attempts to determine the cardiac output from the arterial pressure tracing alone were unsuccessful. The cardiac output could not be determined from the pressure tracing until the value of K or R was known. However, while the ratio K/R could be derived from the pressure tracing, the determination of individual values of K and R required use of the measured cardiac output. Thus, an insoluble situation existed.
The value of the resistance, R, could be directly derived from measurements of Pay and CO. The distribution of R in the present study was broad, with the standard deviation nearly equal to onehalf the mean value. Only minimal correlation of R with the diagnosis existed. Thus, for example, the average value of R for the eight patients with patent ductus arteriosus, peripheral arteriovenous fistula or aortic insufficiency, which might be expected to be low, actually was 1,350 + 560, quite close to the overall mean value. On the other hand, the highest values of R occurred in patients with no obvious aortic or peripheral pathology. Age, sex and body size had no consistent effect upon R. Its value was less a function of gross anatomical abnormalities than of the state of constriction of the arterioles throughout the body. Furthermore, the wide variation of R in different individuals in essentially identical physical surroundings indicated that R was of more value as an index of emotional than of physical adjustment to an environment. R would probably be more useful in evaluation of the circulatory changes within an individual in different circumstances than in comparison of one individual with another.
In contrast to the resistance, which could be calculated from readily measurable quantities, the direct determination of K would be impossible in the living body. This direct determination required measurement of changes of aortic pressure as a function of nonperiodic changes in volume. Hence, during life, K would have to be determined by indirect methods. The distribution of K in the present study was broad, with a standard deviation greater than one-half the mean value. K showed no consistent change with age up to 58 years (Table II) . The results in Table II 
SUMMARY
The recent development of a more exact mathematical approach to the air chamber model of the cardiovascular system suggested evaluation of the practical validity of the mathematical representation and, more importantly, of the usefulness of the model itself. The source of experimental data was 59 cardiac catheterizations of adults with cardiovascular abnormalities. The mathematical approach proved valid insofar as it could be tested, the 7 per cent difference between the average arterial pressure directly measured and that derived by means of the theory from the arterial pressure tracing being within the range of reasonable experimental error. The usefulness of the air chamber was indicated by the similarity of the aortic elasticities determined from the model to values previously found in direct measurements upon the aortas of cadavers. This similarity opened new possibilities for future application of the model.
